Primary aldosteronism (PA) is one of the commonest forms of curable hypertension, and use of the plasma aldosterone-to-renin ratio as a screening test has led to a more efficient identification of this condition. Both animal and human studies have indicated that PA is associated with a variety of cardiovascular and renal complications that reflect the capability of elevated aldosterone to induce tissue damage exceeding that induced by hypertension itself. Involvement of the kidney in PA is highly relevant because structural renal damage is associated with less favorable outcome, both in terms of blood pressure response to treatment and possibility to develop progressive renal failure. However, early involvement of the kidney in PA is characterized by functional changes that are largely reversible with treatment. Unilateral adrenalectomy or administration of mineralocorticoid receptor antagonists are the current options for treating an aldosterone-producing adenoma or idiopathic adrenal hyperplasia. Both treatments are effective in correcting hypertension and hypokalemia, and currently available information on their capability to prevent deterioration of renal function indicates that both surgery and medical treatment are of considerable value.
Introduction
Primary aldosteronism (PA) is an endocrine disorder that includes among its main features hypertension with associated hypokalemia, low renin levels, and aldosterone levels that are not suppressed with volume expansion. During recent years, use of the plasma aldosterone-to-renin ratio for screening of PA has led to a more efficient identification of this condition and a prevalence approaching 10% of the whole hypertensive population, that is tenfold the initial estimates, has been reported in some studies (1, 2) . Early reports of patients with PA indicated a relatively low rate of organ complications (3) and this is why in the past this form of hypertension was considered to be relatively benign. Later on, experimental animal and clinical studies have suggested that exposure to elevated aldosterone levels is associated with cardiovascular and renal damage that is beyond what could be expected from blood pressure elevation (4, 5, 6) . Nowadays, robust evidence indicates that PA is associated with cardiac, vascular, renal, and metabolic changes (7) , showing that inappropriately elevated aldosterone can induce organ damage independent from hypertension.
In the majority of patients with PA an aldosteroneproducing adenoma (APA) or bilateral idiopathic adrenal hyperplasia (IHA) is the cause of disease.
Current guidelines (8) indicate unilateral adrenal removal or administration of mineralocorticoid receptor (MR) antagonists as the respective treatment of choice in these conditions, because they effectively reduce blood pressure and correct hypokalemia when this is present. However, due to the extent of clinical and subclinical organ damage in PA, the objectives of treatment cannot be restricted to normalization of blood pressure and correction of hypokalemia, but prevention of cardiovascular and renal complications should be aggressively pursued in these patients. Despite the potential relevance of organ protection in patients with PA, the relative efficacy of adrenalectomy and MR antagonists on organ damage has been tested in long-term prospective studies only in recent years (5, 9, 10, 11, 12) , providing evidence that both treatments are of considerable value both in cardiovascular and renal protection. This point is of extraordinary clinical relevance since differentiation of PA subtypes currently requires an adrenal venous sampling (AVS), a timeconsuming and costly procedure that can be performed with a good rate of success only in a few centers. This issue is currently the object of strong debate because of the unequal positions of clinicians who would limit AVS to highly selected groups of patients and those who, conversely, support the opportunity for widespread use of AVS to detect lateralized aldosterone secretion in PA (13, 14, 15) . The latter position has been challenged by the recent demonstration of significant blood pressure fall in response to MR antagonists in a large group of patients with either APA or IHA and resistant hypertension (16) . These findings, together with demonstration of comparable organ protective effects of MR antagonists and adrenalectomy, have led to suggest the possibility of a simplified approach to treatment of PA with a much wider use of MR antagonists (15, 17) .
In this issue of the journal, Fourkiotis et al. (18) report the results of a prospective study that was conducted in newly diagnosed PA patients in whom renal function was evaluated 1 year after treatment, and in PA patients in whom renal function was evaluated in a more chronic setting some years after either surgical or medical treatment. Although the lack of a control group with essential hypertension did not permit comparisons with other hypertensive conditions, the results of this study are of clinical relevance because they support: i) the evidence of a rapidly reversible abnormality of renal function in patients with PA and ii) the evidence that MR antagonists (either spironolactone or eplerenone) have the same impact as adrenalectomy in the control of blood pressure and in renal protection of these patients.
The kidney as a key player in PA
Previous studies reported high variability in the prevalence of overt renal damage in patients with PA, with differences that could be ascribed to different severity and duration of disease. Renal insufficiency has been reported to occur in 7% (19, 20) to 29% (21) and proteinuria in 8% (22) to 24% (19) of PA patients. In a large multicenter cross-sectional study, frequency of 24-h microalbuminuria in patients with PA (both APA and IHA) was twofold that of patients with essential hypertension (23) . Two prospective studies that were conducted after treatment in patients with PA and associated microalbuminuria reported a significant decrease in urinary albumin excretion at 6 months (10, 24) , and follow-up data obtained after 9 years (10) showed that microalbuminuria in both APA and IHA was more likely to revert to normal than to evolve to proteinuria. Using two different methods (radioisotopic or 24-h creatinine clearance), these two studies have also consistently reported the presence of increased glomerular filtration rate (GFR) in patients with PA as compared with subjects with essential hypertension who were matched for age, sex distribution, and severity and duration of hypertension. Similar to albuminuria, glomerular hyperfiltration was reversed within 6 months from treatment of PA (both with adrenalectomy and MR antagonists), a finding that has been subsequently confirmed in larger cohorts of patients with PA (21, 25) and, more recently, in a meta-analysis (26) . The findings of these studies clearly indicate that PA is associated with a partially reversible renal dysfunction and that albuminuria can be the marker of a functional rather than structural renal abnormality. These conclusions have been strengthened by the findings reported by Fourkiotis et al. (18) (27) . Of note, this abnormality was reversed 1 year after treatment with either adrenalectomy or spironolactone, and the extent of changes in intrarenal indices observed after treatment was directly related with baseline plasma levels of aldosterone.
In a second protocol that was designed to evaluate renal function in a more chronic stage, Fourkiotis et al. (18) have measured renal parameters in 119 patients already treated for PA. Patients were evaluated after 5.3 and 6.8 years showing that both GFR and urinary albumin excretion were stable in this chronic stage, with no differences between patients who had been adrenalectomized and patients who were on medical treatment. These findings are fully consistent with those of a previous prospective, 9-year follow-up study in which patients with PA who were treated with surgery or spironolactone had comparable blood pressure levels and stable GFR and urinary protein excretion in the chronic stage (10) . These observations demonstrate that appropriate reduction of blood pressure and protection from the effects of excess aldosterone levels by either adrenal removal or MR blockade effectively preserves the kidney function of patients with PA in the long term.
Assembling this information within a more general view and as suggested previously (11, 28) , the renal disease of PA could be seen as a two-stage process that recognizes distinct pathophysiological mechanisms. In the earlier stages, a functional adaptation of the intrarenal hemodynamics to the aldosterone-induced expansion of extracellular fluid volume occurs, along with systemic hypertension, increased renal perfusion pressure, and suppression of renin activity, leading to intrarenal vasodilatation. Glomerular hyperfiltration results from these changes and causes increased tubular sodium excretion that counteracts the tubular effects of aldosterone, thereby restoring sodium balance. As shown in previous studies and confirmed by the data reported here by Fourkiotis et al. (18) , these changes are largely reversible with appropriate treatment, either surgical or medical. Later on, persistent exposure of intrarenal vessels to the hypertensive insult might induce structural damage leading to glomerular ischemia, stimulation of renin production that escapes suppression due to aldosterone-related volume C2 C Catena and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (2013) 168 www.eje-online.org expansion, and progressive renal disease. This type of intrarenal vascular damage has been demonstrated in renal biopsy studies of patients with PA and renal failure (22) and may require many years to occur. In this respect, detectable plasma renin could suggest more advanced renal disease (20) , and decreased GFR and/or persistence of microalbuminuria after treatment could be the markers of permanent intrarenal vascular damage. Also and of great relevance, at this stage of renal disease the kidney becomes the main determinant of the blood pressure response to treatment, inasmuch as the lower the GFR is, the lesser the probability to obtain hypertension cure with treatment (29) .
MR antagonists and renal damage in PA
Current guidelines (8) indicate unilateral adrenalectomy as the best treatment to be offered to patients with PA and demonstration of lateralized aldosterone secretion. This is because, in some studies, surgery was associated with a greater probability of cure of PA (approximately one third can withdraw antihypertensive drugs) and avoids the possible adverse effects of MR antagonists. Adverse effects are commonly considered a serious problem with the use of spironolactone, although use of doses smaller than those used in the past or availability of the androgen-receptor inactive eplerenone might alleviate this problem (8, 30) . In their study, Fourkiotis et al. (18) reported no major adverse effects of spironolactone which might have resulted in a change of medication at the doses (63.5C5.8 mg/day) that were used in their patients. This is important because given the size of the problem that PA represents today, it would be unrealistic to recommend AVS to all patients to demonstrate lateralization and offer surgical treatment. Therefore, spironolactone does represent a valid alternative for patients who are unwilling or unable to undergo surgery. To this matter, a recent assessment of the quality of life of patients treated for PA with spironolactone has demonstrated that this is improved significantly after 6 months, and that it is not significantly different from that of patients with PA who underwent adrenalectomy (31) .
A comparison of renal outcomes after treatment of PA with either adrenalectomy or spironolactone has been reported previously showing no significant differences (10) . In the study of Fourkiotis et al. (18) , medical and surgical treatment were compared in both protocols confirming comparable efficacy. Most important, in the larger cohort included in the chronic study, comparisons could be made between patients treated with surgery or MR antagonists, either spironolactone or eplerenone. Results indicate that in patients who were treated with adrenalectomy, spironolactone, or eplerenone, the renal variables as well as the average 24-h blood pressure levels did not differ during the study, although patients treated with eplerenone required a greater number of additional antihypertensive drugs (3.6 vs 2.2 spironolactone and 2.0 adrenalectomy) and had lower plasma potassium levels. This is consistent with previous studies that have reported a lesser efficacy of eplerenone than spironolactone in reducing blood pressure in PA patients, although this was largely dependent from drug doses (32) . Unfortunately, the renal data reported by Fourkiotis et al. (18) for the chronic treatment stage of PA patients could not be compared with baseline data measured before treatment because these were not available to the authors. Therefore, the possibility that patients had differences in renal function at baseline with a bias in the selection of treatment could not be excluded.
Conclusive remarks
The involvement of the kidney in PA is highly relevant because structural renal damage is associated with less favorable outcome, both in terms of blood pressure response to treatment and possibility to develop progressive renal failure. Fortunately, this type of renal damage requires a relatively long time to occur and earlier stages are characterized by functional changes that are largely reversible with treatment. This reinforces the need for a timely identification of this rather common endocrine disease in order to obtain effective prevention of renal damage. Similar to cardiovascular events, renal complications of PA are mostly due to activation of MR and therefore appropriate treatment with either adrenal removal or MR blockers is mandatory. Today, we are learning that spironolactone, or eplerenone in the countries where this drug is available, is as effective as surgery in the prevention of cardiovascular events and progressive renal damage. Moreover, we are learning a better way to use spironolactone in our patients, recurring to low doses in order to minimize its sexually-related adverse effect. Based upon the evidence available in the literature and, with specific reference to the kidney, upon the findings of Fourkiotis et al. (18) , it can be concluded that physicians should not feel any discomfort if they have to treat their PA patients with MR antagonists when demonstration of lateralized aldosterone secretion is not convincing. Despite that some very initial experiences are already available, studies on appropriate size and duration of use of MR blockers in patients with APA will be needed before deciding that treatment with MR blockers could be the standard choice for the majority of patients with PA, thus opening a new era for their use.
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